Introduction: Topical immunotherapy is frequently used in the treatment of alopecia areata (AA) although few studies report long-term follow-up. Our goals were to determine the efficacy and the prognostic factors of topical immunotherapy in a large cohort of patients with AA treated in the departments of Dermatology and Venereology of Bergamo, Como and Pavia, from 1978 to January 2016. Methods: A total of 252 patients with AA were evaluated retrospectively. Results: All our patients developed an allergic reaction to a 2% solution of dinitrochlorobenzene (DNCB) or squaric acid dibutylester (SADBE) or diphenylcyclopropenone (DPCP). No patients discontinued therapy because of
INTRODUCTION
Alopecia areata (AA) is a skin disorder characterized by patchy, confluent, or diffuse hair loss which results in hair loss on the scalp and other areas of the body to various extents. AA is subdivided into localized alopecia areata (AL), alopecia areata totalis (AT), and alopecia areata universalis (AU), reflecting respectively patchy, full-scalp, and full-body hair loss [1] . The prevalence of AA is between 0.1% and 0.2% [2] with a calculated lifetime risk of 2% and most commonly the onset is before the age of 40 years [3] . AA is related to various atopic and autoimmune diseases [4] , and in affected people there is a high prevalence of eczema, asthma, nail changes, thyroid autoimmunity, vitamin D deficiency, vitiligo, and psoriasis [5] . Despite being considered a benign pathology, patients suffering from AA have poor health-related quality of life scores (HRQOL)-the higher the extent, the lower the score-and, in addition, a high incidence of psychiatric morbidity, especially anxiety and mood disturbance [6] .
The pathogenesis of AA is still incompletely understood. The principal areas under investigation are genetic constitution, non-specific immune reactions, and organ-specific autoimmune reactions. Genetic factors can play an important role, as proven by the fact that monozygotic twins can have similar times of onset and patterns of hair loss [7] and, in addition, some patients have a strong family history [8] ; these data suggest that AA can be inherited. Some HLA regions, on human chromosome 6, are associated with genetic susceptibility to AA. A genome-wide association study was conducted on extended human families with multiple AA patients and identified some intervals on human chromosomes 6, 10, 16, and 18 both inside and outside the HLA gene cluster as potential AA susceptibility loci [9] .
Many potential environmental stimuli such as hormonal fluctuation, infectious agents, and vaccinations may also contribute to determine onset, hair loss pattern, and severity of disease [10] . The theory currently most accredited is that there is an interaction between genetic and environmental factors that triggers the disease. Several hypotheses have been suggested to explain the development of autoimmune disease, the most reasonable of which focuses on hair follicle immune privilege collapse or on the inappropriate presentation of antigens to the immune system during normal hair follicle cycling [11] .
Up to 50% of patients experience spontaneous hair regrowth while many subjects suffer from a chronic disease that is a challenge for dermatologists to treat [12] .
In 2012, the British Association of Dermatologists updated the 2003 guidelines for the management of AA [13] . For children, topical mid-potent corticosteroids are the first-line therapy. For adult patients with less than 50% scalp involvement intralesional corticosteroids can be taken into consideration, while for adult patients with more than 50% scalp involvement topical immunotherapy is the first-line therapy [14] .
The effectiveness of topical immunotherapies has already been demonstrated in several well-controlled studies: in 2010 a meta-analysis concluded that topical immunotherapies are effective in up to 50-60% of cases, with a relapse rate of 62% with median time to relapse of 2.5 years [15] .
In this study, we retrospectively evaluated efficacy and safety of topical immunotherapy in 252 patients with AA. The purpose of the study was also to identify possible prognostic factors that could modify the clinical outcome of the therapy and to review critically the standardized protocol of application.
METHODS
In this retrospective study we enrolled 252 subjects affected by AA with a mean age of 35.5 years (range 5-61 years old) that were treated with topical immunotherapy from 1978 to 2016 in the Department of Dermatology and Venerology of Bergamo, Como and Pavia.
The exclusion criteria were history of cardiovascular disease, pregnancy/lactation, and treatment with steroids per os for any reason. The inclusion criteria were diagnosis of AA and no previous treatment with topical immunotherapy without success.
All patients underwent a standardized diagnostic protocol with pull test and video-dermoscopy that showed the typical aspect of the illness with yellow dots and exclamation hair, in patients with localized AA; in cases of borderline diagnosis, in patients with localized AA of recent onset, histological examination was performed to identify the typical pattern of the disease with a peribulbar ''swarm of bees'' lymphocytic infiltrate composed of CD4 and CD8. The extent of AA at the first visit was evaluated in accordance with National Alopecia Areata Foundation guidelines.
The demographic and clinical data are shown in Table 1 . Nine patients had a family history of vitiligo and, interestingly, the same number of patients had vitiligo themselves. Fourteen patients had a family history of atopy; on the other hand, 23 patients, had a personal history of eczema, rhinitis, and asthma. A total of 23 patients had a positive family history of thyroid disease, while 14 had a positive personal history of thyroid disease. Thirty-four patients had a family history of AA.
Contact sensitizers used included dinitrochlorobenzene (DNCB), squaric acid dibutylester (SADBE), and diphenylcyclopropenone (DPCP). We started our experience in 1978 using DNCB, a substance which is not generally used today because it has been shown to be mutagenic in the Ames test and genotoxic by sister chromatid exchange in human skin fibroblast [16] . In 1981, we introduced SADBE that is not mutagenic but is scarcely stable in acetone. Some years later, in 1990, we started to use DPCP, a nonmutagenic sensitizer, which is less expensive and more stable in acetone than DNCB is. This sensitizer is able to induce the expression of immunoregulatory molecules that are important in the pathogenesis of AA in healthy skin [17] .
Topical immunotherapy was performed following a standard protocol of application: the most severely affected site of the scalp was chosen for the initial treatment; a 2% solution of DNCB or SADBE or DPCP, in acetone, was applied onto a 4 cm 2 circular area. After 2 days, this solution was removed by washing. Two weeks after sensitization, a 0.001% solution of the selected sensitizer was applied to the same half of the scalp in order to rule out spontaneous regrowth that would have appeared on the untreated areas as well. The concentration of sensitizer was increased gradually each week until a mild dermatitis reaction with low grade erythema and mild pruritus for 2 days was obtained. All 252 patients were successfully sensitized and no patients discontinued immunotherapy because of side effects.
The concentration of the contact sensitizer was adjusted to the patient's reactivity against the allergens and when the appropriate concentration had been found the sensitizer was applied weekly to the sensitized area. Subsequently, when an initial regrowth occurred in the treated area (on average after 12-18 weeks) the solution was applied to the whole scalp. Once a hair regrowth had been achieved, to avoid relapse, topical immunotherapy was tapered off by prolonging the application intervals to 2 weeks, then to 3 weeks, after to 4 weeks, and finally discontinued.
In our study treatment success was defined as at least 50% of terminal hair regrowth. The patient's hair regrowth was evaluated every AU alopecia universalis, AT alopecia totalis, AL alopecia localized, S scalp involvement, AA alopecia areata 6 months for 4 years, when applicable. If there was no improvement after 12 months of treatment, the patient was considered to be a nonresponder and the therapy was interrupted. Full information regarding the therapy, including expected clinical outcomes and possible side effects, were given to the patient and a signed informed consent was obtained before treatment.
Statistical analysis was performed using the R integrated suite by the R Project software (version 3.3.3), with software package exact2x2 (version 1.5.2). Statistical significance was assessed using the exact test, and the results were considered significant for p\0.05.
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
RESULTS
A good response to the therapy was achieved in 112 patients (44.05%); hair regrowth was achieved in 50.98% of patients treated with DNCB, 45.71% of patients treated with SADBE, and 34.43% of patients treated with DPCP.
According to the extension of AA we divided our cohort of patients into three groups: 1. We observed 140 patients with localized AA (S) that were classified into three additional subgroups: (a) 47 patients with S[30%: 12 patients were treated with DNCB among which ten had hair regrowth, 29 patients were treated with SADBE among which 15 had hair regrowth, six patients were treated with DPCP and no one had hair regrowth. Similar results were observed with each contact sensitizer (DNCB, SADBE, and DPCP) with comparable main time of relapse; in our long-term follow-up study the therapeutic results obtained were essentially the same, irrespective of the type of sensitizer used.
The patients who experienced hair regrowth had a follow-up of 48 months, with a visit every 6 months when applicable, and none had recurrence of the disease. In general, during the long time of topical immunotherapy (more than 35 years) we observed that 46% of patients had a relapse during the therapy and were treated again.
During the first few years of our experience with topical immunotherapy we attempted to determine some criteria that might influence the clinical results, but we did not obtain relevant conclusions.
At the end of our experience, the duration of AA, a history of atopy (particularly eczema), and the severity and early development of flare-up (skin reaction at the site of the first sensitizing dose application of topical allergens) were the main factors that had influenced the clinical results.
From the clinical point of view, we observed that the significant prognostic factors influencing positive outcomes were the severity of flareup and the maintenance of a low-grade contact eczema.
The success rate with relative confidence interval at 95%, p value, and the odds success rate between the sensitizers standardized by each single group of AA are reported in Tables 2  and 3 .
DISCUSSION
The primary aim of our study was to assess the validity of topical immunotherapy in a population of 252 patients with AA.
The main result was satisfactory with 44.05% of patients experiencing at least 50% of terminal hair regrowth.
The evidence-based results of topical immunotherapy confirm the theory that AA is related to an autoimmune etiology. The mechanism that is operative in this therapy is mainly due to local immunomodulation through two components: the synthetic antigen acts in a competitive way with the antigen involved in pathogenesis of AA and consequently represents an alternative target for the immune system. Moreover, because of a prolonged immune stimulation in treated patients, we can observe an increase of Treg lymphocytes which contrast the immune reaction towards the follicle [17, 18] .
The average of success rates coming out of our data are in line with those reported in other studies in the literature. A 2010 meta-analysis, reported a mean efficacy of topical immunotherapy in up to 50-60% of patients with a range from 9% to 87% [15] . The great variability of success rates, even using the same standard protocol, can be explained by different experimental designs, inclusion and exclusion criteria, and duration of treatment in the single study.
In our population, no statistically significant difference (p[0.05) was observed in success rates between different sensitizers: 50.98% of patients responded to DNCB, 45.71% responded to SADBE, and 34.43% responded to DPCP. These data can be explained because the sensitizing agents share the same mechanism of action: they all trigger a local allergic reaction that induces regression of the active phase of the disease and the progressive disappearance of alopecia patches.
The only exceptions are patients with AL with more than 30% involvement of the scalp. In this subpopulation, the sensitizer that seems to work best is DNCB with a success rate of 83.33% (p\0.001); however, this agent today is almost disused because it was found to be mutagenic with the Ames genotoxicity test since it leads to an increase in the exchange of chromosomal material between the sister chromatids in human skin fibroblasts. On the contrary, in this subpopulation, the sensitizer with the worst outcomes was DPCP, since not one of the patients had hair regrowth. This is in contrast to what is reported in the literature and is likely to be attributed, rather than to a real ineffectiveness of this immunosensitizer, to the individual variables related to the small number of subjects in this group (6 patients). In this group SADBE has shown an intermediate result with a response rate of 51.72% and, despite there being no statistically significant difference in success rate between DNCB and SADBE, the p value is ''borderline'', i.e., close to 0.05.
Some evidence on the similar efficacy of DPCP and SADBE was provided by Ohlmeier et al. who initially treated 142 patients with DPCP; after 6 months of therapy ''non-responder'' patients were treated using SADBE as sensitizer with the same standard protocol of application of therapy and, even changing the sensitizing agent, immunotherapy was not effective in this group of patients [19] .
The secondary goal of our study was to define some possible prognostic factors that may affect the treatments success. During our experience, the most important independent prognostic factors on clinical outcomes were: 1. The extension of scalp involvement. 2. The duration of the disease and the duration of the current acute attack of AA before the beginning of the therapy. 3. The presence of atopy, mainly of eczema. 4. The early development of allergic contact dermatitis to sensitizers. In our cohort, we registered better clinical results in patients with AL, in all cases with a short time between the onset of alopecia and the beginning of the therapy, and in the people who developed allergic dermatitis early and with low concentrations of the sensitizing agent.
The statistical analysis of our data revealed a close correlation between the extension of AA before the therapy and the clinical outcome. The success rate in patients with AL was statistically significantly higher than in patients with AT or AU. At the same time, the average success rate in patients with AT was statistically significantly higher than in patients with AU. The same comparison made between AL subclasses has not shown statistically significant differences in treatment response. These data are in line with the literature; in fact several studies have demonstrated how the extension of AA is one of the main clinical prognostic factors. Ohlmeier et al. identified the severity of hair loss extension as the only prognostic factor, whereas Weise et al.'s population found the worst response to the immunotherapy in [21, 22] . As in our cohort of patients, other studies found a correlation between duration of AA and response to treatment [20, 21, 23] , while other authors did not come to the same conclusions [22, 24] .
Another important prognostic factor in our analysis was the presence of atopy. Allergic patients had worse outcomes; however, the role of atopy as a prognostic factor is still highly debated. Results similar to our data have been described by several authors [20, 21, 23] , but on the other hand, some works showed the opposite results [19, 22, 24] .
Other parameters that did not influence clinical outcomes in our investigation, unlike what we expected from literature data, were: 1. Sex 2. Age 3. Age of onset 4. Overuse of topical immunotherapy 5. Concomitant onychopathy. In our population, 34 out of 252 patients (13.49%) had a positive family history of AA; this evidence supports the hypothesis that the disease has a genetic component. Moreover, some authors also reported that a positive family history is associated with a worse prognosis with poor response to therapy [25] but, among the patients examined in our work, we did not found this correlation.
The major weakness of this study is the lack of a control group: this could have allowed the observers to conclude that any changes in the ''active treatment group'' were due to the treatment studied rather than to other factors.
One other limitation of the study is the relatively small numbers of subjects in the group with AL that represents the most common type of AA (140 patients; 55% of the total population).
Furthermore, in the subgroup of patients with AL and more than 30% scalp involvement, only six patients were treated with DPCP, making the analysis of the data in this subpopulation not really statistically significant, because of the individual variables related to the small number of subjects in the group.
CONCLUSIONS
Alopecia areata is a complex illness that is probably due to multiple genetic, autoimmune, and environmental factors; in patients with a genetic predisposition the exposition to one or more environmental factors, although not completely understood, leads to autoimmune reaction against the hair follicles.
The natural history and the treatment response of AA are extremely variable among individuals.
There are several therapeutic strategies available, both topical and systemic. Topical immunotherapy represents a highly effective therapy, mainly in the most challenging clinical forms of AA, and should be the first-choice treatment in adults with AL with scalp extension greater than 50%.
In this study, we evaluated the effectiveness of topical immunotherapy and our data highlight that: 1. Topical immunotherapy has proven to be effective in 44% of cases. 2. The factors that most affected the outcome of the therapy were: (a) Severity and extent of AA, (b) Duration of the disease, (c) Presence of atopy, (d) Early development of allergic contact dermatitis. 3. The standard protocol for the application of topical immunotherapy remains the most effective method to have a good response to the therapy while avoiding recurrence. In the last few years important progress has been made in the treatment of AA, mainly after a clearer definition of etiopathogenetic mechanisms emerged; however, not one of the currently available therapies is curative or efficacious in 100% of cases or can avoid recurrences.
In the future the goal will be the accurate definition of the pathogenetic mechanisms in order to improve new therapeutic strategies allowing an individualized therapeutic approach in the context of personalized medicine.
